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����� ������ � ������ �������� �����
��� ������ ���������������� ���������

� ������� �����������, III

� ¤ ­­®© áâ âì¥ á®åà ­ïîâáï ®¡®§­ ç¥­¨ï, ¯®­ïâ¨ï, á®£« è¥­¨ï ¨ ­ã¬¥à æ¨ï, ¨á¯®«ì§®¢ ­-
­ë¥ ¢ ¯¥à¢ëå ¤¢ãå ç áâïå [1], [2]. � áá¬®âà¨¬ ¢â®à®¥ ¯à¨¬¥­¥­¨¥ à ­¥¥ ¯®«ãç¥­­ëå  ¡áâà ªâ­ëå
à¥§ã«ìâ â®¢.

2. (b�a)-¯¥à¨®¤¨ç¥áª ï § ¤ ç . � íâ®¬ ¯ã­ªâ¥ H = L2
m((a; b)), ' á®¢¯ ¤ ¥â á (1.4), â. ¥,

' = fe(j) exp(2�ik � x�a
b�a

; j = 1; : : : ;m; k 2 Z
ng:

� ¤¨ ¯à®áâ®âë áç¨â ¥¬, çâ® ¯à¨ ª ¦¤®¬ � 2 � ®¯¥à â®à C�(x) ï¢«ï¥âáï ®¯¥à â®à®¬ ã¬­®¦¥­¨ï
­  ¬ âà¨æã C�(x), ï¢«ïîéãîáï ¨§¬¥à¨¬®© ¨ ª¢ ¤à â­®©. � §¬¥à­®áâ¨ ¬ âà¨æ (m;m), m < +1.

�¥®à¥¬  5.2. �ãáâì C�(x) 2 Cf�g
m;m(b�a) 8� 2 �, q(z) =

P
�2�

a�(iz)� | áª «ïà­ë© ¬­®£®ç«¥­,

ã¤®¢«¥â¢®àïîé¨© ãá«®¢¨ï¬

jq(k)j2 � g1
X
�2�

X
���

jk�j2; ª ª â®«ìª® k 2 Z
n; (5.15)

¯à¨ ¢á¥å 
 < �, ª ¦¤®¬ � 2 �, ¢á¥å jkj � N("1) ¨ ­¥ª®â®à®¬ "1 > 0

(jk
 j=jq(k)j) < "1; (5.16)

¯à¨ç¥¬ ¯®áâ®ï­­ë¥ g1 > 0, N("1) ¨ "1 ­¥ § ¢¨áïâ ®â k. �á«¨ "1 ¤®áâ â®ç­® ¬ «®, â® á«¥¤ãîé¨¥
ãâ¢¥à¦¤¥­¨ï à ¢­®á¨«ì­ë:

1. áãé¥áâ¢ãîâ â ª¨¥ ç¨á«  t 2 R, d1(t), d2 > 0, �0 2 C , çâ® ¯à¨ ª ¦¤®¬ x 2 [a; b] ¨ ¢á¥å
z 2 C

m , k 2 Z
n, ¢ë¯®«­ïîâáï ®æ¥­ª¨����

�
�0tE +

X
�2�

C�(x)
�
2�ik
b� a

���
z

����
2

� jzj2(d1(t) + d2jq(k)j2); (5.17)

¢ ª®â®àëå d1(t)! +1, ¥á«¨ jtj ! +1;
2. áãé¥áâ¢ãîâ â ª¨¥ ç¨á«  t 2 R, d3(t), d4 > 0, d5 > 0, �0 2 C , çâ® ¯à¨ ¢á¥å h(x) 2
C+1
m (b� a) ¢ë¯®«­ïîâáï ®æ¥­ª¨

k(P (x; @=@x) + �0tE)h(x)k � d3(t)kh(x)k + d4kq(�i@=@x)h(x)k �

� d3(t)kh(x)k + d5
X
�2�

X
���

kh(�)(x)k; (5.18)

¢ ª®â®àëå d3(t)! +1 ¢ á«ãç ¥ jtj ! +1.

� ¬¥ç ­¨¥ 5.3. �á«¨ q(�i�) | £¨¯®í««¨¯â¨ç¥áª¨© ¯®«¨­®¬, â® (5.16) ¨¬¥¥â ¬¥áâ® ¯à¨ ª -
¦¤®¬ "1 > 0 ¨ ¢á¥å jkj � N("1). �¤­ ª® (5.16) ¢ë¯®«­ï¥âáï ¯à¨ ¬ «ëå "1 ­¥ â®«ìª® ¤«ï £¨¯®í«-
«¨¯â¨ç¥áª¨å ¯®«¨­®¬®¢. �®ª §ë¢ ï â¥®à¥¬ã 5.3, ã¡¥¤¨¬áï ¢ íâ®¬.

� ¬¥ç ­¨¥ 5.4. � ç áâ­®¬ á«ãç ¥m = 1 ¨ ¯à¨ ¡®«¥¥ ¦¥áâª¨å ®£à ­¨ç¥­¨ïå ­  q(k) â¥®à¥¬ 
5.2 ¤®ª § ­  ¢ ([3], á. 141{152).
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�®«ìèãî à®«ì ¡ã¤¥â ¨£à âì

�¥¬¬  5.4. �ãáâì ¬­®¦¥áâ¢® 
 ®£à ­¨ç¥­®, í«¥¬¥­âë ¬ âà¨æ eC�;�(x) ®£à ­¨ç¥­ë ¢ áã-
é¥áâ¢¥­­®¬ ¨ ¨¬¥¥â ¬¥áâ® (5:16). �®£¤ 

S4 =
�Z




����X
�2�

X
�<�

eC�;�(x)h
(�)(x)

����
2

dx

�1=2

� "1Bkq(�i@=@x)h(x)k + ckh(x)k; (5.19)

¯à¨ç¥¬ ¯®áâ®ï­­ë¥ B, c ­¥ § ¢¨áïâ ®â h(x), ¨ B ­¥ § ¢¨á¨â ®â "1.

�®ª § â¥«ìáâ¢®. � ª ª ª j eC�;�(x)j � eB ¯®çâ¨ ¢áî¤ã, â®

S4 � eBX
�2�

X
�<�

kh(�)(x)k:

� ¯®¬­¨¬, çâ® k � k | á¨¬¢®« ­®à¬ë ¢ L2
m((a; b)). �§ ¯®á«¥¤­¨å ®æ¥­®ª ¨ ¨§ (5.16) á«¥¤ã¥â

­¥à ¢¥­áâ¢®

S4 � B1"1

�X0
jhkj

2jq(k)j2
�1=2

+B
X
�2�

X
�<�

�X00
jhkj

2jk�j2
�1=2

: (5.20)

�¤¥áì èâà¨å ãª §ë¢ ¥â ­  â®, çâ® áã¬¬¨à®¢ ­¨¥ ¯à®¨§¢®¤¨âáï ¯® ¢á¥¬ k 2 Zn \ (jkj � N("1)),
¤¢  èâà¨å  | ¯® ¢á¥¬ k 2 Zn \ (jkj < N("1)), N("1) | ¯®áâ®ï­­ ï, ¨á¯®«ì§ã¥¬ ï ¢ (5.16), ¨
ç¨á«® B1 à ¢­® ¯à®¨§¢¥¤¥­¨î eB ­  ç¨á«® í«¥¬¥­â®¢ ¢ ¬­®¦¥áâ¢¥ [

�2�
fMn \ [0; �)g. �§ (5.20)

«¥£ª® á«¥¤ã¥â (5.19)

�¥¬¬  5.5. �ãáâì 
j = fx : jx � �(j)j < �jg, 
 = 
1 [ � � � [ 
M , ¨ [a; b] � 
. �®£¤ 
áãé¥áâ¢ãîâ â ª¨¥ ¢¥é¥áâ¢¥­­ë¥ áª «ïà­ë¥ äã­ªæ¨¨ vj(x) 2 C

+1
0 (
), j = 1; : : : ;M , çâ®

0 � vj(x) � 1 8 j; (supp vj(x)) � 
 8 j; (v1(x))
2 + � � �+ (vM (x))

2 = 1 8x 2 [a; b]: (5.21)

�®ª § â¥«ìáâ¢®. � ¯®¬­¨¬, çâ® (supp vj(x)) | ­®á¨â¥«ì äã­ªæ¨¨ vj(x) ¨ 
j | § ¬ëª ­¨¥
¬­®¦¥áâ¢  
j . �¥¬¬  ¤®ª §ë¢ ¥âáï  ­ «®£¨ç­® â®¬ã, ª ª ¤®ª §ë¢ ¥âáï áãé¥áâ¢®¢ ­¨¥ ª« á-
á¨ç¥áª®£® à §¡¨¥­¨ï ¥¤¨­¨æë. �®«®¦¨¬ e!j(x) = exp((jx � �(j)j2 � �2j )

�1) ¯à¨ x 2 
j , e!j(x) = 0
¥á«¨ x =2 
j . �¥à¥§ e!0(x) 2 C+1

0 (
) ®¡®§­ ç¨¬ äã­ªæ¨î, ã¤®¢«¥â¢®àïîéãî ãá«®¢¨î e!0(x) = 1
¯à¨ x 2 [a; b]. �¥£ª® § ¬¥â¨âì, çâ® äã­ªæ¨¨

vj(x) = e!0(x)e!j(x)�(e!1(x))2 + � � �+ (e!M (x))2�1=2
ã¤®¢«¥â¢®àïîâ (5.21).

� ¬¥ç ­¨¥ 5.5. �ä®à¬ã«¨à®¢ âì ¨ ¤®ª § âì «¥¬¬ã 5.5 ¡ë«® ­¥®¡å®¤¨¬® ¯® â®© ¯à¨ç¨­¥,
çâ® ¨§ ¢ª«îç¥­¨ï v0(x) 2 C

+1
0 (
) ­¥ á«¥¤ã¥â

p
v0(x) 2 C

+1
0 (
).

�®ª § â¥«ìáâ¢® â¥®à¥¬ë 5.2. �¨ªá¨àã¥¬ ¤®áâ â®ç­® ¬ «®¥ ç¨á«® " > 0 ¨ ç¨á«  N("),
�(") â ª, çâ®¡ë

jC�(x)� C�(y)j < " ¯à¨ x 2 
j ; y 2 
j; j = 1; : : : ; N("); (5.22)

£¤¥ 
j = fx : jx � �(j)j < �(")g ¨ [a; b] � 
 � 
1 [ � � � [ 
N(") . �ãáâì vj(x), j = 1; : : : ; N("),
| äã­ªæ¨¨, ¯®áâà®¥­­ë¥ ¢ «¥¬¬¥ 5.5. � ª ª ª C�(x) ¨ h(x) | (b�a)-¯¥à¨®¤¨ç¥áª¨¥, â® ¯à¨
­¥ª®â®à®© ¯®áâ®ï­­®© B2, ­¥ § ¢¨áïé¥© ®â t, h(x),

S5 �

�Z



j(P (x; @=@x) + �0tE)h(x)j
2dx

�1=2

� B2k(P (x; @=@x) + �0tE)h(x)k:
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� ¤àã£®© áâ®à®­ë, ¨¬¥¥â ¬¥áâ® (5.21), ¯®íâ®¬ã

S5 �

�X
j

Z


jvj(x)(P (x; @=@x) + �0tE)h(x)j

2dx

�1=2

�

�

�X
j

Z


(P (�(j); @=@x) + �0tE)(vj(x)h(x))j

2dx

�1=2

�

�

�X
j

Z


j(P (x; @=@x) � P (�(j); @=@x))(vj (x)h(x))j

2dx

�1=2

�

�

�X
j

Z



jvj(x)P (x; @=@x)h(x) � P (x; @=@x)(vj(x)h(x))j
2dx

�1=2

:

�« £ ¥¬®¥ ¢ ¯à ¢®© ç áâ¨ ®¡®§­ ç¨¬ ç¥à¥§ F4, ¢ëç¨â ¥¬ë¥ | á®®â¢¥âáâ¢¥­­® ç¥à¥§ F5, F6.
�æ¥­¨¬ F5, F6 á¢¥àåã,   F4 | á­¨§ã. � á¨«ã ®¡ëç­ëå ­¥à ¢¥­áâ¢ ¤«ï ­®à¬ ¨ (5.22)

F5 � "

�X
j

X
�2�

Z



j(vj(x)h(x))
(�)j2dx

�1=2

� "

�X
j

X
�2�

Z



jvj(x)h
(�)(x)j2dx

�1=2

+

+ "

�X
j

X
�2�

Z



jvj(x)h
(�)(x)� (vj(x)h(x))

(�)j2dx

�1=2

:

�àã¯¯ë á« £ ¥¬ëå ¢ ¯à ¢®© ç áâ¨ ¯®á«¥¤­¥© ®æ¥­ª¨ ®¡®§­ ç¨¬ á®®â¢¥âáâ¢¥­­® ç¥à¥§ F5;1, F5;2.
� ª ª ª ¨¬¥¥â ¬¥áâ® (5.21), â®

F5;1 � "

�X
�2�

Z



jh(�)(x)j2dx
�1=2

� "B1

X
�2�

kh(�)(x)k: (5.23)

� ¯®¬­¨¬, çâ® k � k | á¨¬¢®« ­®à¬ë ¢ L2
m((a; b)). �à¨¬¥­ïï «¥¬¬ã 5.1, ¯®«ãç¨¬

F5;2 � "1Bkq(�i@=@x)h(x)k + ckh(x)k: (5.24)

� á¨«ã (5.15) ¨¬¥¥¬ X
�2�

kh(�)(x)k � g2kq(�i@=@x)h(x)k + ckh(x)k: (5.25)

�§ (5.23), (5.24), (5.25) á«¥¤ã¥â

F5 � ("B1g2 + "1B)kq(�i@=@x)h(x)k + ckh(x)k; (5.26)

¯à¨ç¥¬ ¯®áâ®ï­­ë¥ ", "1, B, B1, g2, c ­¥ § ¢¨áïâ ®â t, h(x); ¯®áâ®ï­­ë¥ B1, g2 ­¥ § ¢¨áïâ ®â ",
"1; B, " ­¥ § ¢¨áïâ ®â "1. �â®¡ë ®æ¥­¨âì F6, ¤®áâ â®ç­® ¢®á¯®«ì§®¢ âìáï «¥¬¬®© 5.4

F6 � ("1B)kq(�i@=@x)h(x)k + ckh(x)k: (5.27)

�àã¤­¥¥ ®æ¥­¨âì F4. �à¥¤¢ à¨â¥«ì­® ®æ¥­¨¬

F4;j =
Z



j(P (�(j); @=@x) + �0tE)(vj(x)h(x))j
2dx =

Z

j

j(P (�(j); @=@x) + �0tE)(vj(x)h(x))j
2dx:

�¬¥­ìè ï, ¥á«¨ ¢ íâ®¬ ¥áâì ­¥®¡å®¤¨¬®áâì, �("), ¬®¦­® ¤®¡¨âìáï â®£®, çâ® 
j � [a + �(j); b +
�(j)]. � íâ®¬ á«ãç ¥ ¯à¨ ­¥ª®â®à®© evj(x) 2 C+1

1 (b� a) ¨ ¢á¥å x 2 [a+ �(j); b+ �(j)] ¨¬¥îâ ¬¥áâ®
à ¢¥­áâ¢  evj(x) = vj(x),

F4;j =
Z b+�(j)

a+�(j)

j(P (�(j); @=@x) + �0tE)(evj(x)h(x))j2dx:
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�«ï (b�a)-¯¥à¨®¤¨ç¥áª¨å äã­ªæ¨© f(x) ¢ë¯®«­ï¥âáï à ¢¥­áâ¢®Z b

a
jf(x)j2dx =

Z b+�(j)

a+�(j)
jf(x)j2dx (5.28)

(¥áâ¥áâ¢¥­­® ¯à¨ ãá«®¢¨¨ áãé¥áâ¢®¢ ­¨ï ¨­â¥£à « ). �®íâ®¬ã

F4;j =
Z b

a

j(P (�(j); @=@x) + �0tE)(evj(x)h(x))j2dx =X
k

����
�
P

�
�(j);

2�ik
b� a

�
+ �0tE

�
zk

����
2

:

�¤¥áì zk | ¢¥ªâ®à-áâ®«¡¥æ á ª®®à¤¨­ â ¬¨ zk;r, ï¢«ïîé¨¬¨áï ª®íää¨æ¨¥­â ¬¨ �ãàì¥ á ­®¬¥-
à ¬¨ (k; r) ¤«ï äã­ªæ¨¨ (evj(x)h(x)). � ¯®¬­¨¬, çâ® ' á®¢¯ ¤ ¥â á (1.4). �§ ¯®á«¥¤­¨å à ¢¥­áâ¢
¨ ¨§ (5.17) á«¥¤ã¥â

F4;j �
X
k

jzkj
2

�
d1(t) + d2

����q
�
2�l
b� a

�����
2�

= d1(t)kevj(x)h(x)k2 + d2kq(�i@=@x)(evj (x)h(x))k2:
(5.29)

�ç¨âë¢ ï (5.28), ¯®«ãç¨¬

kevj(x)h(x)k2 =
Z b+�(j)

a+�(j)
jevj(x)h(x)j2dx =

Z b+�(j)

a+�(j)
jvj(x)h(x)j

2dx �

�

Z


jvj(x)h(x)j

2dx � kvj(x)h(x)k
2: (5.30)

�à¨ íâ®¬ ¡ë«¨ ãçâ¥­ë ¢ª«îç¥­¨ï (supp vj(x)) � 
j � [a+ �(j); b+ �(j)].
�æ¥­¨¬ á­¨§ã ¢¥«¨ç¨­ã

kq(�i@=@x)(evj(x)h(x))k2 � 1
2
kevj(x)q(�i@=@x)h(x)k2 �

�
1
2
kq(�i@=@x)(evj(x)h(x)) � evj(x)q(�i@=@x)h(x)k2 :

�­ «®£¨ç­® â®¬ã, ª ª ¡ë«® ¯®«ãç¥­® (5.30), ¯®«ãç¨¬

kevj(x)q(�i@=@x)h(x)k2 � kvj(x)q(�i@=@x)h(x)k
2 :

� ¤àã£®© áâ®à®­ë, ¢ á¨«ã «¥¬¬ë 5.4

kq(�i@=@x)(evj(x)h(x)) � evj(x)q(�i@=@x)h(x)k � "1Bkq(�i@=@x)h(x)k + ckh(x)k:

� ª¨¬ ®¡à §®¬, ¤®ª § ­®, çâ®

kq(�i@=@x)(evj (x)h(x))k2 � 1
2
kvj(x)q(�i@=@x)h(x)k

2 � "1Bkq(�i@=@x)h(x)k
2 � ckh(x)k2:

�âáî¤  ¨ ¨§ (5.29), (5.30) á«¥¤ã¥â ­¥à ¢¥­áâ¢®

F4;j � d1(t)kvj(x)h(x)k2 + d2( 12 � "1B)kvj(x)q(�i@=@x)h(x)k2 � ckh(x)k2: (5.31)

� ª ª ª c ­¥ § ¢¨á¨â ®â t ¨ d1(t)! +1 ¯à¨ ­¥ª®â®àëå jtj ! +1, â® ¬®¦­® áç¨â âì d1(t)�c � 0.
�¨á«® "1 ¡ã¤¥¬ áç¨â âì ­ áâ®«ìª® ¬ «ë¬, çâ® "1B < 1

2
. �à¨ á¤¥« ­­ëå ®£®¢®àª å ¯à ¢ ï ç áâì

¢ (5.31) ­¥®âà¨æ â¥«ì­ . �§ (5.31) ¨ ¨§ ®¡ëç­ëå ­¥à ¢¥­áâ¢ ¤«ï ­®à¬ á«¥¤ã¥â

F4 �
�
d2( 12 � "1B)

�1=2
kq(�i@=@x)h(x)k + (d1(t)� c)1=2kh(x)k: (5.32)

�ç¨âë¢ ï (5.26), (5.27), (5.32), ¯®«ãç¨¬

k(P (x; @=@x) + �0tE)h(x)k �
��
d2( 12 � "1B)

�1=2
� "B1g2 � 2"1B

�
kq(�i@=@x)h(x)k +

+
�
(d1(t)� c)1=2 � c

�
kh(x)k; (5.33)
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¯à¨ç¥¬ ¢á¥ ¯®áâ®ï­­ë¥ ­¥ § ¢¨áïâ ®â h(x); ¢á¥ ¯®áâ®ï­­ë¥, ªà®¬¥ d1(t), ­¥ § ¢¨áïâ ®â t; ¯®-
áâ®ï­­ë¥ B1, g2, d2 ­¥ § ¢¨áïâ ®â ", "1; ¯®áâ®ï­­ ï " ­¥ § ¢¨á¨â ®â "1. �§ ¤®ª § ­­®© ®æ¥­ª¨
(5.33) ¯à¨ ¤®áâ â®ç­® ¬ «ëå ", "1 á«¥¤ã¥â ¯¥à¢ ï ¨§ ®æ¥­®ª (5.18), ¨ á ãç¥â®¬ (5.25) | ¢â®à ï.
�¬¯«¨ª æ¨ï 1 ) 2 ¤®ª § ­ .

�ãáâì ¢ë¯®«­ï¥âáï ãâ¢¥à¦¤¥­¨¥ 2 ¨ y 2 [a; b]. �®£¤  y 2 (supp vj(x)) ¯à¨ ­¥ª®â®à®¬ j. �®áâ®-
ï­­ãî �("), ¨á¯®«ì§ã¥¬ãî ¢ (5.22), ä¨ªá¨àã¥¬ â ª, çâ®¡ë 
j � [a+ �(j); b+ �(j)]. �¥à¥§ evj(x),
ª ª ¨ ¢ëè¥, ®¡®§­ ç¨¬ äã­ªæ¨î, ¯à¨­ ¤«¥¦ éãî C+1

1 (b � a) ¨ ã¤®¢«¥â¢®àïîéãî ãá«®¢¨îevj(x) = vj(x) ¤«ï ¢á¥å x 2 [a+ �(j); b+ �(j)]. �á«¨ h(x) 2 C+1
m (b� a), â®

kevj(x)(P (y; @=@x) + �0tE)h(x)k � k(P (x; @=@x) + �0tE)(evj(x)h(x))k �
� k(P (x; @=@x) � P (y; @=@x))(evj (x)h(x))k � kevj(x)P (y; @=@x)h(x) � P (y; @=@x)(evj(x)h(x))k:

�« £ ¥¬®¥ ¢ ¯à ¢®© ç áâ¨ ®¡®§­ ç¨¬ ç¥à¥§ eF4, ¢ëç¨â ¥¬ë¥| á®®â¢¥âáâ¢¥­­® eF5, eF6. �­ «®£¨ç­®
â®¬ã, ª ª ¡ë«¨ ®æ¥­¥­ë F5, F6, ¨á¯®«ì§ã¥¬ë¥ ¢ ¤®ª § â¥«ìáâ¢¥ ¨¬¯«¨ª æ¨¨ 1 ) 2, ¯®«ãç¨¬

eF5 � "kq(�i@=@x)(evj (x)h(x))k + ckh(x)k;

eF6 � "1Bkq(�i@=@x)h(x)k + ckh(x)k:

� á¨«ã ãâ¢¥à¦¤¥­¨ï 1

eF4 � d4kq(�i@=@x)(evj(x)h(x))k + d3(t)kh(x)k:

� ª¨¬ ®¡à §®¬,

kevj(x)(P (y; @=@x) + �0tE)h(x)k �

� (d4 � ")kq(�i@=@x)(evj (x)h(x))k � "1Bkq(�i@=@x)h(x)k + (d3(t)� c)kh(x)k:

� á¨«ã «¥¬¬ë 5.4

kq(�i@=@x)(evj (x)h(x))k � kevj(x)q(�i@=@x)h(x)k � "1Bkq(�i@=@x)h(x)k � ckh(x)k:

�§ ¤¢ãå ¯®á«¥¤­¨å ®æ¥­®ª á«¥¤ã¥â

kevj(x)(P (y; @=@x) + �0tE)h(x)k �

� (d4 � ")kevj(x)q(�i@=@x)h(x)k � ((d4 � ")"1B + "1B)kq(�i@=@x)h(x)k + (d3(t)� c)kh(x)k:

� ¯®¬­¨¬, çâ® ¬ë ãá«®¢¨«¨áì ¯¨á âì ­¥áãé¥áâ¢¥­­ë¥ ¯®áâ®ï­­ë¥ ¡¥§ ¨­¤¥ªá®¢. �®« £ ï h(x) =
z exp(2�ip � x�a

b�a
), £¤¥ z 2 C m ­¥ § ¢¨á¨â ®â x, ¯®«ãç¨¬

kevj(x)k
����
�
P

�
y;
2�ip
b� a

�
+ �0tE

�
z

���� � (d4 � ")kevj(x)k
����q
�
2�p
b� a

�
z

�����
� ((d4 � ")"1B + "1B)

����q
�
2�p
b� a

�
z

����
� nY

j=1

�
(bj � aj)

2�

��1=2

+ (d3(t)� c)jzj
� nY

j=1

�
(bj � aj)

2�

��1=2

:

� ¯®«ãç¥­­ëå ®æ¥­ª å ¯®áâ®ï­­ë¥ ­¥ § ¢¨áïâ ®â h(x); ¢á¥ ¯®áâ®ï­­ë¥, ªà®¬¥ d3(t), ­¥ § ¢¨áïâ
®â t; d4, d3(t) ­¥ § ¢¨áïâ ®â ", "1; B, " ­¥ § ¢¨áïâ ®â "1. �®íâ®¬ã ¯à¨ ¤®áâ â®ç­® ¬ «ëå ", "1
¢ë¯®«­ïîâáï ®æ¥­ª¨ (5.17). �

�«¥¤áâ¢¨¥ 5.1. �ãáâì ¢ë¯®«­ïîâáï ¯à¥¤¯®«®¦¥­¨ï â¥®à¥¬ë 5.2, ®æ¥­ª¨ (5.17), "1 ¤®áâ -
â®ç­® ¬ «®, ¯à¨ ¤®áâ â®ç­® ¬ «®¬ "2 > 0, ­¥ª®â®à®¬ N("2) ¨ ¢á¥å jkj � N("2) ¨¬¥¥â ¬¥áâ®
"2jq( 2�kb�a

)j � 1, ®¯¥à â®à Q § ¤ ¥âáï à ¢¥­áâ¢ ¬¨

Qv =
X
k

q(k)vk exp
�
2�ik �

x� a

b� a

�
8 v 2 D': (5.34)

�®£¤  ¢ë¯®«­ïîâáï ®æ¥­ª¨ (2.1), ¥á«¨, ªà®¬¥ â®£®, C�(x) 2 Cf�g
m;m(b � a) ¯à¨ ¢á¥å � 2 �, â®

¢ë¯®«­ïîâáï ¨ ®æ¥­ª¨ (2.8).
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�«¥¤áâ¢¨¥ 5.2. �ãáâì C�(x) 2 Cf�g
m;m(b � a) ¯à¨ ¢á¥å � 2 �, ¢ë¯®«­ïîâáï ¯à¥¤¯®«®¦¥­¨ï

â¥®à¥¬ë 5.2, ®æ¥­ª¨ (5.18) ¨ à ¢¥­áâ¢  (5.34). �®£¤  ¯à¨ c3 = g3"1 ¨ ­¥ª®â®à®© ¯®áâ®ï­­®© g3, ­¥
§ ¢¨áïé¥© ®â "1 ¨  (x), ¨¬¥¥â ¬¥áâ® (2.13).

�«¥¤áâ¢¨¥ 5.3. �à¥¤¯®«®¦¨¬, çâ® C�(x) 2 Cf�g
m;m(b�a) ¯à¨ ¢á¥å � 2 �, ¢ë¯®«­ïîâáï ®æ¥­ª¨

(5.17) ¨ q(i�) | £¨¯®í««¨¯â¨ç¥áª¨© ¯®«¨­®¬. �®£¤  ¢ë¯®«­ïîâáï ®æ¥­ª¨ (2.1), (2.8) ¨ ¯à¨ «î¡ëå
c3 > 0 | ®æ¥­ª¨ (2.13).

�®ª § â¥«ìáâ¢® á«¥¤áâ¢¨ï 5.1. � ¯®¬­¨¬, çâ® ' á®¢¯ ¤ ¥â á (1.4). � ª ª ª

kP� k � k(P (x; @=@x) + �0tE) k � jt�0 + �j k k;

â® ¢ á¨«ã â¥®à¥¬ë 5.2

kP� k � d4kq(�i@=@x) k + d3(t)k k � jt�0 + �j k k =

= d4kq(�i@=@x) k + (d3(t)� jt�0 + �j)k k:

� ¤àã£®© áâ®à®­ë, k k � "2Bkq(�i@=@x) k + ck (N;x)k. �®íâ®¬ã

kP� k � (d4 � "2Bjd3(t)� jt�0 + �j j)kq(�i@=@x) k � ck (N;x)k:

�æ¥­ª¨ kP� k � c2kq(�i@=@x) k + ck (N;x)k ¢ á¨«ã (5.15), (5.25) ¯®çâ¨ ®ç¥¢¨¤­ë.
� á«ãç ¥ C�(x) 2 Cf�g

m;m(b� a) ¨¬¥¥¬

P+

�
 =

X
�2�

(�1)[�]((C�(x))� (x))(�) � � (x) =
X
�2�

(C�(x))�(�1)[�] (�)(x) +

+
X
�2�

X
�<�

eC�;�(x) 
(�)(x) � P+(x; @=@x) � � : (5.35)

�®çâ¨ ®ç¥¢¨¤­®, çâ® ¤«ï ¯®«¨­®¬  P+(x; �) ¢ë¯®«­ïîâáï  ­ «®£¨ ¯à¥¤¯®«®¦¥­¨© â¥®à¥¬ë 5.2,
  â ª¦¥  ­ «®£ ®æ¥­®ª (5.17). � íâ®¬ á«ãç ¥, ª ª ¤®ª § ­® ¢ëè¥, ¯à¨ ¤®áâ â®ç­® ¬ «ëå "1, "2
¢ë¯®«­ïîâáï ®æ¥­ª¨ (2.8). �

�®ª § â¥«ìáâ¢® á«¥¤áâ¢¨ï 5.2. �ãáâì v(x) 2 H,  2 L'. �®£¤  ¢ á¨«ã (5.35)

S6 � h(P+

�
(Q+)�1 � (Q+)�1P+

�
) ; v(x)i =

X
�2�

X

<2�

h(Q+)�1 (
)(x); d
;�(x)(Q�1v(x))i;

¯à¨ç¥¬ äã­ªæ¨¨ d
;�(x) 2 Cf
g
m;m(b� a) ­¥ § ¢¨áïâ ®â  (x) ¨ v(x). � ¯®¬­¨¬, çâ® h ; i | á¨¬¢®«

áª «ïà­®£® ¯à®¨§¢¥¤¥­¨ï ¢ L2
m((a; b)). �­â¥£à¨àãï ¢ ¯®á«¥¤­¨å à ¢¥­áâ¢ å ¯® ç áâï¬ ¨ ãç¨âë¢ ï

(b�a)-¯¥à¨®¤¨ç­®áâì ¨á¯®«ì§ã¥¬ëå äã­ªæ¨©, ¯®«ãç¨¬

S6 =
X
�2�

X0
h(Q+)�1 (�)(x); h

�;e�;�(x)(Q�1v(x))(e�)i:
�¤¥áì ¨ ­¨¦¥ èâà¨å ãª §ë¢ ¥â ­  â®, çâ® áã¬¬¨à®¢ ­¨¥ ¯à®¨§¢®¤¨âáï ¯® ¢á¥¬ ¬ã«ìâ¨¨­¤¥ªá ¬
�, e�, ã¤®¢«¥â¢®àïîé¨¬ ãá«®¢¨ï¬ � < �, e� � �. � á¨«ã ®£à ­¨ç¥­­®áâ¨ äã­ªæ¨© h

�;e�;�(x), ­¥
§ ¢¨áïé¨å ®â  (x), v(x), ¨¬¥¥¬

jS6j � B
X
�2�

X0
k(Q+)�1 (�)(x)k k(Q�1v(x))(e�)k:

� ª ª ª � < �, � 2 � ¨ ¨¬¥¥â ¬¥áâ® (5.16), â®

k(Q+)�1 (�)(x)k � "1Bk (x)k + ck (N;x)k: (5.36)

�§ (5.16) ¨ ¨§ ­¥à ¢¥­áâ¢  e� � � á«¥¤ã¥â k(Q�1v(x))(e�)k � gkv(x)k. � ª¨¬ ®¡à §®¬, ¤®ª § ­®

jS6j � (g3"1k (x)k + ck (N;x)k)kv(x)k;

¯®áâ®ï­­ë¥ g3, "1, ", N , c ­¥ § ¢¨áïâ ®â  (x) ¨ ®â v(x); ¯®áâ®ï­­ ï g3 ­¥ § ¢¨á¨â ®â "1. � á¨«ã
¯à®¨§¢®«ì­®áâ¨ v(x) ¨¬¥¥â ¬¥áâ® (2.13). �
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�®ª § â¥«ìáâ¢® á«¥¤áâ¢¨ï 5.3. �á«¨ q(i�) | £¨¯®í««¨¯â¨ç¥áª¨© ¯®«¨­®¬, â® ¯à¨ ª ¦¤®¬
"1 > 0, ­¥ª®â®à®¬ N("1) ¨ ¢á¥å jkj � N("1) ¢ë¯®«­ïîâáï ®æ¥­ª¨ (5.16). �

�¥®à¥¬  5.3. �ãáâì ¢ë¯®«­ïîâáï ¯à¥¤¯®«®¦¥­¨ï â¥®à¥¬ë 5:2, ®æ¥­ª¨ (5:17) ¨ "1 ¤®áâ -
â®ç­® ¬ «®. �®£¤ 

1. á¯¥ªâà '-§ ¤ ç¨ ¤«ï ãà ¢­¥­¨ï (7) â®ç¥ç¥­;
2. ¢ á«ãç ¥ áãé¥áâ¢®¢ ­¨ï '-à¥è¥­¨¥ ãà ¢­¥­¨ï (7) ¯à¨­ ¤«¥¦¨â We�;2

m (b � a), £¤¥ e� =
[
�2�

f
 : 0 � 
 � �g;

3. ¥á«¨, ªà®¬¥ â®£®, ¯à¨ ¢á¥å � 2 � ¢ë¯®«­ïîâáï ¢ª«îç¥­¨ï C�(x) 2 Cfe
g
m;m(b � a), f(x) 2

W fe
g;2
m (b�a) ¨ ¬ã«ìâ¨¨­¤¥ªá e
, ­¥ § ¢¨áïé¨© ®â �, ã¤®¢«¥â¢®àï¥â ¯à¨ ­¥ª®â®à®¬ � 2 �

ãá«®¢¨î (sgn e
1; : : : ; sgn e
n) � �, â® '-à¥è¥­¨¥ ãà ¢­¥­¨ï (7) ¯à¨ ãá«®¢¨¨ áãé¥áâ¢®¢ ­¨ï
'-à¥è¥­¨ï ¯à¨­ ¤«¥¦¨â We�+e
;2

m (b� a), £¤¥ e�+ e
 = [
�2e�f� + e
g.

�®ª § â¥«ìáâ¢®. � ¯®¬­¨¬, çâ® sgn 0 = 0, sgn t = 1 8 t > 0. � á¨«ã â¥®à¥¬ë 5.2 ¨ á«¥¤áâ¢¨©
5.1, 5.2 ª ®¯¥à â®àã P� ¯à¨¬¥­¨¬ë â¥®à¥¬ë 2.2, 2.3 ¯à¨ ¤®áâ â®ç­® ¬ «®¬ "1 > 0. �§ãç ï ¯à¨à®¤ã
á¯¥ªâà  ®¯¥à â®à  P�, ¬ë ­¥ ¤®«¦­ë âà¥¢®¦¨âìáï ® ¯à¥¤¯®«®¦¥­¨ïå £« ¤ª®áâ¨ ¬ âà¨ç­ëå
äã­ªæ¨© C�(x), ¨á¯®«ì§ã¥¬ëå ¢ á«¥¤áâ¢¨ïå 5.1, 5.2. � ¬¥­¨¢ C�(x) ­  C�;�1(x) 2 C

+1
m (b�a), £¤¥

jC�(x)� C�;�1(x)j < �1, ¯à¨ ¤®áâ â®ç­® ¬ «®¬ �1 ¤®¡ì¥¬áï ¦¥« ¥¬®£®. � ª ®â¬¥ç «¨, ®¡áã¦¤ ï
¯à¥¤¯®«®¦¥­¨ï â¥®à¥¬ë 2.2, ¯à¨à®¤  á¯¥ªâà  ¯à¨ íâ®¬ ­¥ ¨§¬¥­¨âáï. �ë ­¥ ãâ®ç­ï¥¬ ¬ «®áâì
"1, â. ª. íâ® ¡ë«® á¤¥« ­® ¢ ¯à®æ¥áá¥ ¤®ª § â¥«ìáâ¢  â¥®à¥¬ë 5.2. � ¯®¬­¨¬ â®«ìª®, çâ® ¢ â¥å
á«ãç ïå, ª®£¤  ¯®«¨­®¬ q(i�) £¨¯®í««¨¯â¨ç¥­, "1 ¢á¥£¤  ¬®¦­® ¢ë¡à âì áª®«ì ã£®¤­® ¬ «ë¬.
� á¨«ã áª § ­­®£® ¨¬¥îâ ¬¥áâ® ¯¥à¢®¥ ¨ ¢â®à®¥ ãâ¢¥à¦¤¥­¨¥ â¥®à¥¬ë 5.3. �àã¤­¥¥ ¤®ª § âì
âà¥âì¥ ãâ¢¥à¦¤¥­¨¥.

�¨ªá¨àã¥¬ j, ¯à¨ ª®â®à®¬ e
j � 1, ¨ ®¯¥à â®à eQ
eQw =

X
k

wk

�
2�ikj
bj � aj

+ fM�
exp

�
2�ik �

x� a

b� a

�
;

£¤¥ fM | ¤®áâ â®ç­® ¡®«ìè®¥ ¢¥é¥áâ¢¥­­®¥ ç¨á«®. �¡¥¤¨¬áï ¢ ¢ë¯®«­¥­¨¨  ­ «®£®¢ ¯à¥¤¯®-
«®¦¥­¨© â¥®à¥¬ë 2.4. �ãáâì '-à¥è¥­¨¥ ãà ¢­¥­¨ï (7) áãé¥áâ¢ã¥â. �¡®§­ ç¨¬ ¥£® ç¥à¥§ u. � ª
ª ª u 2 We�;2

m (b � a) ¨ e(j) � � ¯à¨ ­¥ª®â®à®¬ � 2 �, â® u 2 DeQ. �®íâ®¬ã ¬®¦­® ¢¥áâ¨ à¥çì ®¡
ãà ¢­¥­¨¨ (2.21). â. ¥. ®¡ ãà ¢­¥­¨¨

[ eQ(P (x; @=@x) � e�E)]v = eQf(x)� e� eQu: (5.37)

�â®¡ë ¤®ª § âì ¥£® à §à¥è¨¬®áâì, ¤®áâ â®ç­® ã¡¥¤¨âìáï ¢ ¢ë¯®«­¥­¨¨  ­ «®£®¢ ¯à¥¤¯®«®¦¥-
­¨© â¥®à¥¬ë 5.2 ¨  ­ «®£®¢ ®æ¥­®ª (5.17). �«ï à áá¬ âà¨¢ ¥¬®£® á«ãç ï ¨¬¥¥¬

eQ(P (x; @=@x) � e�E) � eP (x; @=@x) � X
�2�

(@=@xjC�(x))(@=@x)
� +

+
�X

�2�

C�(x)(@=@xj + fM)(@=@x)� � �(@=@xj + fM)
�
:

�¡®§­ ç¨¬

eq(�i�) � �
2�

bj � aj
�j + fM�

q(�i�):

�ç¥¢¨¤­®, çâ® ¤«ï eq(k) ¢ë¯®«­ï¥âáï  ­ «®£ ®æ¥­®ª (5.15). �ãáâì � < � ¨ � 2 �. �®£¤  � = e�+e(j),
¯à¨ç¥¬ «¨¡® e� < � ¯à¨ ­¥ª®â®à®¬ � 2 �, «¨¡® e� = � ¯à¨ ­¥ª®â®à®¬ � 2 �. � ¯¥à¢®¬ á«ãç ¥ ¯à¨
jkj � N("1)

j(ik)� j(jeq(k)j�1) = jkj j j(ik)
e� j������ 2�ikj

bj � aj
+ fM ����

�1�
(jq(k)j�1) �

�
bj � aj
2�

�
"1 �M1:
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�® ¢â®à®¬ á«ãç ¥ ¨¬¥¥¬

j(ik)� j j(eq(k))�1j � 1fM j(ik)� j j(q(k))�1j �
cfM ; ¥á«¨ jkj � N("1);

¯à¨ç¥¬ c ­¥ § ¢¨á¨â ®â fM ¨ k. �®« £ ï e"1 = maxfM1;
ceM g, ®ª®­ç â¥«ì­® ã¡¥¤¨¬áï ¢ ¢ë¯®«­¨-

¬®áâ¨ ¤«ï ¯®«¨­®¬  eq(�i�)  ­ «®£  ®æ¥­®ª (5.16). � á¨«ã (5.17) ¯à¨ e� = ��0t ¨¬¥¥¬���� eP
�
x;

2�ik
b� a

�
z

����
2

=
����� 2�ikjbj � aj

+ fM ����
2

�B3

�����P
��

x;
2�ik
b� a

�
+ �0tE

�
z

����
2

�

� 0:5
��

2�kj
bj � aj

�2

+ fM 2

�
fd1(t) + d2jq(k)j2gjzj2 �

� 0:5
�
d1(t) + d2

�����
�
2�ikj
bj � aj

+ fM�
q(k)

����
2��

jzj2 = 0:5(d1(t) + d2jeq(k)j2)jzj2:
�®íâ®¬ã ¢ë¯®«­ï¥âáï  ­ «®£ ®æ¥­®ª (5.17). � ª¨¬ ®¡à §®¬, ¤®ª § ­®, çâ® ª ®¯¥à â®àã eP0, ¯®-
à®¦¤¥­­®¬ã ¯®«¨­®¬®¬ eP (x; �), ¯à¨¬¥­¨¬ë  ­ «®£¨ ãâ¢¥à¦¤¥­¨© â¥®à¥¬ë 5.2 ¨ á«¥¤áâ¢¨© 5.1,
5.2, 5.3. �«¥¤®¢ â¥«ì­®, ãà ¢­¥­¨¥ (5.37) à §à¥è¨¬®. �ãáâì v | ¥£® '-à¥è¥­¨¥, â. ¥.

X
k

eQ(P (x; @=@x) � e�E)�vk exp
�
2�ik �

x� a

b� a

��
= eQf(x)� e� eQu;

¨ àï¤ áå®¤¨âáï ¢ H ¯® ­®à¬¥. � ª ª ª ®¯¥à â®à eQ ¨¬¥¥â ­¥¯à¥àë¢­ë© ®¡à â­ë©, â®

X
k

(P (x; @=@x) � e�E)�vk exp
�
2�ik �

x� a

b� a

��
= f(x)� e�u;

¯à¨ç¥¬ àï¤ á­®¢  áå®¤¨âáï ¢ H ¯® ­®à¬¥. �âáî¤  á«¥¤ã¥â, çâ® v | '-à¥è¥­¨¥ ãà ¢­¥­¨ï
(P (x; @=@x) � e�E)v = f(x) � e�u, ¯à¨ç¥¬ u | â ª¦¥ ¥£® '-à¥è¥­¨¥. �¤­ ª® e� = ��0t, ¯®íâ®-
¬ã ¬®¦­® áç¨â âì e� ­¥á®¡áâ¢¥­­ë¬ §­ ç¥­¨¥¬ ®¯¥à â®à  Pe� ¨, á«¥¤®¢ â¥«ì­®, u = v. � ª ª ª

v 2 D
(QeQ)

, â. ¥. v 2We�+e(j);2
m (b� a), â® u 2We�+e(j);2

m (b� a). � ª¨¬ ®¡à §®¬, ¤®ª § ­  á¯à ¢¥¤«¨-
¢®áâì ãâ¢¥à¦¤¥­¨ï 3 ¢ â®¬ á«ãç ¥, ª®£¤  e
 = e(j). �®¢â®à¨¢ ¯à¨¢¥¤¥­­ë¥ ¢ëè¥ à ááã¦¤¥­¨ï
¬­®£®ªà â­®, ®ª®­ç â¥«ì­® ¤®ª ¦¥¬ â¥®à¥¬ã 5.3.

3. �ã­ªæ¨¨ '(p), p 2 N , ï¢«ïîâáï áã¦¥­¨ï¬¨ ­  
 ­¥ª®â®àëå äã­ªæ¨© ¨§ W�;2
m (b � a).

� ¤ ­­®¬ ¯ã­ªâ¥ ¯à¥¤¯®« £ ¥âáï, çâ® H = L2
m(
), ' = fe(j)y(p); j = 1; : : : ;m; p 2 Ng, ¨

äã­ªæ¨¨ y(p) � y(p)(x) ï¢«ïîâáï áã¦¥­¨ï¬¨ ­  
 ­¥ª®â®àëå äã­ªæ¨© ey(p) 2W�;2
m (b�a). �ë¤¥«¨¬

á«ãç ¨, ª®£¤  '-à¥è¥­¨ï ãà ¢­¥­¨ï (7), ¢ á«ãç ¥ ¨å áãé¥áâ¢®¢ ­¨ï, â ª¦¥ ¡ã¤ãâ áã¦¥­¨ï¬¨
­  
 ­¥ª®â®àëå (b�a)-¯¥à¨®¤¨ç¥áª¨å à¥è¥­¨© á®®â¢¥âáâ¢ãîé¨å ãà ¢­¥­¨©.

�â¬¥ç¥­­ ï á¨âã æ¨ï â¨¯¨ç­  ¤«ï ¬­®£¨å «¨­¥©­ëå § ¤ ç, ®á®¡¥­­® ¢ á«ãç ¥ 
 = (ea;eb) �
[a; b] (á¬. cá. 30, 31 ¨§ [1]). �à¥¤¯®«®¦¨¬, çâ® ®âªàëâ®¥ ¬­®¦¥áâ¢® 
 � [a; b] ¨¬¥¥â â ªãî £à ­¨æã,
çâ® ¨¬¥¥â á¬ëá« § ¯¨áì C+1

0 (
), ¯à¨ç¥¬ ¯à¨ ­¥ª®â®àëå h(k;r)(x) 2 C
+1
0 (
) ¨ ª ¦¤®¬ k 2 NX

�2�[f0g

kh
(�)
(k;r)(x)� y

(�)
(k) (x)k ! 0 ¯à¨ r ! +1: (5.38)

�®£¤  ¯à¨ ª ¦¤®¬ k äã­ªæ¨¨ y(k) ï¢«ïîâáï áã¦¥­¨ï¬¨ ­  
 ­¥ª®â®àëå äã­ªæ¨© ey(k)2W�;2
1 (b�a).

�¡¥¤¨¬áï ¢ íâ®¬. �ç¥¢¨¤­®, ª ¦¤ ï äã­ªæ¨ï h(k;r)(x) ï¢«ï¥âáï áã¦¥­¨¥¬ ­  
 ­¥ª®â®à®© äã­ª-
æ¨¨ eh(k;r)(x) 2W+1;2

1 (b� a). � á¨«ã (5.38) ¨¬¥¥¬X
�2�[f0g

keh(�)(k;r)(x)�
eh(�)(k;v)(x)k1 ! 0 ¯à¨ r � v ! +1;
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£¤¥ k � k1 | á¨¬¢®« ­®à¬ë ¢ L2
1(b� a). �âáî¤  á«¥¤ã¥â, çâ® ¤«ï ª ¦¤®£® k ¯®á«¥¤®¢ â¥«ì­®áâì

feh(k;�)(x)g áå®¤¨âáï ª ­¥ª®â®à®© äã­ªæ¨¨ ey(k)(x) 2W�;2
1 (b� a). �ç¥¢¨¤­®, ­  
 äã­ªæ¨¨ y(k)(x),ey(k)(x) á®¢¯ ¤ îâ.

� àï¤ã á ' à áá¬®âà¨¬ ¯®á«¥¤®¢ â¥«ì­®áâì fe(j)ey(k)(x); j = 1; : : : ;m; k 2 Ng = e', ¯®«¨­®¬eP (x; z) = P
�2�

eC�(x)(z�), ¢ ª®â®à®¬ eC�(x) 2 L2
m;m(b�a) á®¢¯ ¤ îâ ­  
 á C�(x), ¯à¨ç¥¬ í«¥¬¥­âë

¬ âà¨æ eC�(x) ®£à ­¨ç¥­ë ¢ áãé¥áâ¢¥­­®¬ ¢ [a; b],

�¥®à¥¬  5.4. �à¥¤¯®«®¦¨¬, çâ® e'-§ ¤ ç  ¤«ï ãà ¢­¥­¨ï
( eP (x; @=@x) � �E)ev = ef(x); x 2 (a; b); ef(x) = f(x) ¯à¨ x 2 
 (5.39)

¨¬¥¥â ¯à¨ ­¥ª®â®à®© ef(x) 2 L2
m(b� a) à¥è¥­¨¥ ev. �®£¤  áã¦¥­¨¥ ­  
 e'-à¥è¥­¨ï ev ï¢«ï¥âáï

'-à¥è¥­¨¥¬ ãà ¢­¥­¨ï (7).

�®ª § â¥«ìáâ¢®. �®á«¥¤®¢ â¥«ì­®áâì e' ¨¬¥¥â ¡¨®àâ®£®­ «ì­ãî, ¨¡® ¡¨®àâ®£®­ «ì­ãî ¨¬¥-
¥â ' ¨ 
 � [a; b]. � ª ª ª ev | e'-à¥è¥­¨¥ ãà ¢­¥­¨ï (5.39), â®X

k;j

vk;j( eP (x; @=@x) � �E)(e(j)ey(k)(x)) = ef(x);
¯à¨ç¥¬ àï¤ áå®¤¨âáï ¢ H ¯® ­®à¬¥. � áá¬®âà¨¬ '-à á¯à¥¤¥«¥­¨¥ v, ®¯à¥¤¥«ï¥¬®¥ ª®íää¨æ¨¥­-
â ¬¨ �ãàì¥ vk;j , j = 1; : : : ;m, k 2 N (á¬. § ¬¥ç ­¨ï 1.2, 1.3). �¬¥­­® íâ® '-à á¯à¥¤¥«¥­¨¥ ¡ã¤¥¬
­ §ë¢ âì áã¦¥­¨¥¬ ­  
 e'-à á¯à¥¤¥«¥­¨ï ev. �¥£ª® ã¡¥¤¨âìáï ¢ â®¬, çâ® ¢ à¥£ã«ïà­®¬ á«ãç ¥,
â. ¥. ¢ á«ãç ¥ ev 2 L2

m(b�a), ¯à¥¤«®¦¥­­®¥ ¯®­ïâ¨¥ á®¢¯ ¤ ¥â á ª« áá¨ç¥áª¨¬ ¯®­ïâ¨¥¬ áã¦¥­¨ï
äã­ªæ¨©. � ª ª ª 
 � [a; b], â® ¯®á«¥¤­¨© àï¤ áå®¤¨âáï ¨ ¢ L2

m(
) ¯® ­®à¬¥, ¯à¨ç¥¬ ¥£® áã¬¬ 
¢ L2

m(
) á®¢¯ ¤ ¥â á f(x). � íâ® ®§­ ç ¥â, çâ® v | '-à¥è¥­¨¥ ãà ¢­¥­¨ï (7).

� ¬¥ç ­¨¥ 5.6. �á«¨ ¨§¢¥áâ­®, çâ® '-§ ¤ ç  ¤«ï ãà ¢­¥­¨ï (7) ­¥ ¨¬¥¥â ¤¢ãå à¥è¥­¨©, ¨ e'-
§ ¤ ç  ¤«ï ãà ¢­¥­¨ï (5.39) à §à¥è¨¬ , çâ® '-à¥è¥­¨¥ ãà ¢­¥­¨ï (7) áãé¥áâ¢ã¥â, ¥¤¨­áâ¢¥­­®
¨ ï¢«ï¥âáï áã¦¥­¨¥¬ ­  
 e'-à¥è¥­¨© ãà ¢­¥­¨ï (5.39).

�¡®§­ ç¨¬ ç¥à¥§ eP� ®¯¥à â®à, ¯®à®¦¤¥­­ë© e'-§ ¤ ç¥© ¤«ï (5.39); ç¥à¥§ eeP � | ®¯¥à â®à,
¯®à®¦¤¥­­ë© ee'-§ ¤ ç¥© ¤«ï (5.39). �ãáâì ee' á®¢¯ ¤ ¥â á (1.4). �àã£¨¬¨ á«®¢ ¬¨, ee'-§ ¤ ç  ¤«ï
ãà ¢­¥­¨ï (5.39) ï¢«ï¥âáï (b�a)-¯¥à¨®¤¨ç¥áª®© § ¤ ç¥©, ¨áá«¥¤®¢ ­­®© ¢ ¯. 2.

�¥®à¥¬  5.5. �à¥¤¯®«®¦¨¬, çâ® DeP� = DQ, DeeP�

= DeQ ¨ ®¯¥à â®àë Q, eQ á®®â¢¥âáâ¢¥­­®

e'-, ee'-áâ æ¨®­ à­ë¥ ¨ ¢§ ¨¬­® ®¤­®§­ ç­ë¥. �®£¤  ¢ á«ãç ¥ áãé¥áâ¢®¢ ­¨ï e'-à¥è¥­¨¥ ev ãà ¢-
­¥­¨ï (5:39) ¯à®¤®«¦ ¥âáï ¤® (b�a)-¯¥à¨®¤¨ç¥áª®£® à¥è¥­¨ï eev â®£® ¦¥ ãà ¢­¥­¨ï; ¥á«¨, ªà®¬¥
â®£®, e'| ¡ §¨á ¢ L2

m((a�b)) ¨ DeQ � L2
m(b�a), â® ev = eev ª ª í«¥¬¥­âë ¯à®áâà ­áâ¢  L2

m(b�a).

�®ª § â¥«ìáâ¢®. � ª ª ª e'(p)(x) 2W�;2
m (b� a), â®

e' (�)
(p) (x) =

X
q0

ap;q0

�
2�iq0
b� a

��
exp

�
2�iq0 �

x� a

b� a

�
8� 2 �;

¯à¨ç¥¬ àï¤ë áå®¤ïâáï ¢ L2
m((a; b)) ¯® ­®à¬¥. � ¤àã£®© áâ®à®­ë, í«¥¬¥­âë ¬ âà¨æ eC�(x) ®£à -

­¨ç¥­ë ¢ áãé¥áâ¢¥­­®¬, ¯®íâ®¬ã

eP� e'(p)(x) =
X
q0

( eP (x; @=@x) � �E)
�
ap;q0 exp

�
2�iq0 �

x� a

b� a

��
;

¨ àï¤ áå®¤¨âáï ¢ L2
m((a; b)) ¯® ­®à¬¥. �®á«¥¤­¨¥ à ¢¥­áâ¢  ¢¬¥áâ¥ á ®áâ «ì­ë¬¨ ¯à¥¤¯®«®¦¥-

­¨ï¬¨ â¥®à¥¬ë £ à ­â¨àãîâ ¢ë¯®«­¨¬®áâì  ­ «®£®¢ ¯à¥¤¯®«®¦¥­¨© â¥®à¥¬ë 3.1. �§ ¯®á«¥¤-
­¥© á«¥¤ã¥â, çâ® ev ¯à®¤®«¦ ¥âáï ¤® (b�a)-¯¥à¨®¤¨ç¥áª®£® à¥è¥­¨ï eev ãà ¢­¥­¨ï (5.39). �¤­ ª®eev 2 L2

m((a; b)), ¯®íâ®¬ã ev 2 L2
m((a; b)) ¨ (ev � eev)( e'(p)(x)) = 0. � ç áâ­®áâ¨, ¥á«¨ e' | ¡ §¨á ¢

L2
m((a; b)), â® ev = eev ª ª í«¥¬¥­âë ¯à®áâà ­áâ¢  L2

m((a; b)).

58



�«¥¤áâ¢¨¥ 5.4. �ãáâì ¢ë¯®«­ïîâáï ¯à¥¤¯®«®¦¥­¨ï â¥®à¥¬ë 5.5, ¯®á«¥¤®¢ â¥«ì­®áâì e'
ï¢«ï¥âáï ¡ §¨á®¬ ¢ L2

m((a; b)), ¨ ãà ¢­¥­¨¥ (5.39) ¨¬¥¥â e'-à¥è¥­¨¥. �®£¤  ®¤­® ¨§ '-à¥è¥­¨©
ãà ¢­¥­¨ï (7) ï¢«ï¥âáï áã¦¥­¨¥¬ ­  
 (b�a)-¯¥à¨®¤¨ç¥áª®£® à¥è¥­¨ï ãà ¢­¥­¨ï (5.39). �á«¨,
ªà®¬¥ â®£®, ãà ¢­¥­¨¥ (7) ­¥ ¬®¦¥â ¨¬¥âì ¤¢ãå '-à¥è¥­¨©, â® '-à¥è¥­¨¥ ãà ¢­¥­¨ï (7) ï¢«ï¥âáï
áã¦¥­¨¥¬ ­  
 (b�a)-¯¥à¨®¤¨ç¥áª®£® à¥è¥­¨ï ãà ¢­¥­¨ï (5.39).

�®ª § â¥«ìáâ¢®. �ãáâì ev | e'-à¥è¥­¨¥ ãà ¢­¥­¨ï (5.39). � á¨«ã â¥®à¥¬ë 5.5 ®­® ¯à®¤®«-
¦ ¥âáï ¤® (b�a)-¯¥à¨®¤¨ç¥áª®£® à¥è¥­¨ï eev ãà ¢­¥­¨ï (5.39). �â ª, ev = eev ª ª '-à á¯à¥¤¥«¥­¨ï.
�¤­ ª® áã¦¥­¨¥ ­  
 e'-à á¯à¥¤¥«¥­¨ï ev (  §­ ç¨â, ¨ eev), ª ª ¤®ª § ­® ¢ â¥®à¥¬¥ 5.4, ï¢«ï¥âáï
'-à¥è¥­¨¥¬ ãà ¢­¥­¨ï (7). �¥à¢®¥ ãâ¢¥à¦¤¥­¨¥ ¤®ª § ­®. � á¨«ã ¯¥à¢®£® ãâ¢¥à¦¤¥­¨ï ¢â®à®¥
¯®çâ¨ ®ç¥¢¨¤­®.

� ¬¥ç ­¨¥ 5.7. �®­ïâ­®, çâ® ¨§ à¥§ã«ìâ â®¢ ç áâ¨ III á«¥¤ã¥â â¥®à¨ï ¯¥à¨®¤¨ç¥áª®© § -
¤ ç¨, ¨§«®¦¥­­ ï ¢ [4]. �¡à â­®¥ ­¥¢®§¬®¦­® ¢ ¯à¨­æ¨¯¥. �¥©áâ¢¨â¥«ì­®, ¥á«¨ ãà ¢­¥­¨¥

P (x; @=@x)u = f(x) ¨¬¥¥â (b�a)-¯¥à¨®¤¨ç¥áª®¥ à¥è¥­¨¥, ¨ eeP (@=@x) | «¨­¥©­ë© ¤¨ää¥à¥­æ¨-
 «ì­ë© ª¢ §¨¯®«¨­®¬ á ¯®áâ®ï­­ë¬¨ ª®íää¨æ¨¥­â ¬¨, ã¤®¢«¥â¢®àïîé¨© ãá«®¢¨î

det(eeP (2�i k
b�a

)) 6= 0 8 k 2 Z
n, â® ¨ ãà ¢­¥­¨¥ P (x; @=@x)eeP (@=@x)v = f(x) ¨¬¥¥â (b�a)-¯¥à¨®-

¤¨ç¥áª®¥ à¥è¥­¨¥. �®­ïâ¨¥ ¯¥à¨®¤¨ç¥áª®£® à¥è¥­¨ï, ¨á¯®«ì§®¢ ­­®¥ ¢ [4], ¤¥« ¥â ®â¬¥ç¥­­®¥
ãâ¢¥à¦¤¥­¨¥ ­¥¢®§¬®¦­ë¬. � íâ®¬ ¬ë ã¡¥¤¨«¨áì, à áá¬ âà¨¢ ï ¬ â¥¬ â¨ç¥áªãî ¬®¤¥«ì ª®-
«¥¡ ­¨© áâàã­ë. �­ «®£¨ç­®¥ ¬®¦­® áª § âì ¨ ® ¤àã£¨å '-§ ¤ ç å, ¢ â®¬ ç¨á«¥ ¨ ® § ¤ ç¥,

à áá¬®âà¥­­®© ¢ ([2], ¯. 1). �«ï ¯®á«¥¤­¥© ¢¬¥áâ® eeP (@=@x) á«¥¤ã¥â ¢§ïâì eeP ((@=@x)2 + h) ¨ ¯à¥¤-
¯®«®¦¨âì det(eeP (�k)) 6= 0 8 k 2 Z

n. � â¥å á«ãç ïå, ª®£¤  � = f� : j�j � n1g, m = 1, ¨ (5.17) ¨¬¥¥â
¬¥áâ® ¯à¨ ¢á¥å k 2 Rn , ¢ [5] ¤¨ää¥à¥­æ¨ «ì­ë© ¯®«¨­®¬ P (x; @=@x) ­ §ë¢ ¥âáï ®¯¥à â®à®¬
£« ¢­®£® â¨¯ .
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